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and their inhibitory effect on bloom-forming
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Abstract

Background: Silver nanoparticles (SNPs) are used extensively in areas such as medicine, catalysis, electronics,
environmental science, and biotechnology. Therefore, facile synthesis of SNPs from an eco-friendly, inexpensive
source is a prerequisite. In the present study, fabrication of SNPs from the leaf extract of Butea monosperma
(Flame of Forest) has been performed. SNPs were synthesized from 1% leaf extract solution and characterized
by ultraviolet-visible (UV-vis) spectroscopy and transmission electron microscopy (TEM). The mechanism of SNP
formation was studied by Fourier transform infrared (FTIR), and anti-algal properties of SNPs on selected toxic
cyanobacteria were evaluated.

Results: TEM analysis indicated that size distribution of SNPs was under 5 to 30 nm. FTIR analysis indicated the
role of amide I and II linkages present in protein in the reduction of silver ions. SNPs showed potent anti-algal properties
on two cyanobacteria, namely, Anabaena spp. and Cylindrospermum spp. At a concentration of 800 μg/ml of SNPs,
maximum anti-algal activity was observed in both cyanobacteria.

Conclusions: This study clearly demonstrates that small-sized, stable SNPs can be synthesized from the leaf extract of
B. monosperma. SNPs can be effectively employed for removal of toxic cyanobacteria.
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Background
Nanotechnology is an emerging branch of science which
deals with synthesis and characterization of various metal-
lic and non-metallic nanoparticles of different composi-
tions, sizes, and shapes [1]. Nanoparticles are molecular
aggregates ranging from 1 to 100 nm in diameter [2,3].
Nanoparticles are being extensively used in areas such as
medicine, catalysis, electronics, environmental science,
and biotechnology [4]. Among various types of nanoparti-
cles available, silver nanoparticles (SNPs) are the most com-
monly employed as they are simple to produce following
reduction of silver nitrate [5]. Further, silver has been
known for its excellent antimicrobial properties and
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reproduction in any medium, provided the orig
employed as an antiseptic agent in the treatment of
wounds and burns [1,2]. There are many physical and
chemical methods for the synthesis of SNPs, such as
chemical and photochemical reactions [6], thermal
decomposition of metal compounds [7], microwave-
assisted reduction [8], and laser-mediated reduction
[9]. These methods have several demerits specifically
high cost and toxicity in the biological system [10].
Recently, biological synthesis of SNPs by employing
different plant extracts is considered as an inexpensive
and eco-friendly method for large-scale production of
SNPs [10,11]. Most of the plants employed for the reduc-
tion process also exhibit medicinal properties [12,13].
Butea monosperma Lam. Kuntze (Fabaceae) is a plant,
which is native to India and is called Flame of Forest be-
cause it forms orange-colored flowers during the summer
season (April to June). This plant is of great medicinal
er. This is an Open Access article distributed under the terms of the Creative
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importance to the native people. Leaves of this plant ex-
hibit anti-inflammatory activity and are also used to con-
trol giardiasis caused by the protozoa Giardia lamblia
[14]. To date, there is no report on the synthesis of SNPs
using this plant.
Cyanobacteria are primitive photosynthetic bacteria,

which are considered as an excellent source of pigments,
vitamins, polysaccharides, proteins, pharmaceuticals, and
other biologically active compounds [15-17]. However,
there are certain cyanobacteria that are responsible for
the production of algal blooms. Algal blooms cause deple-
tion of dissolved oxygen in water leading to anoxia and
subsequently death of fishes. These cyanobacteria also
produce various toxins (microcystin, saxitoxin, etc.) which
are extremely toxic to mammals including humans [18,19].
Therefore, there is urgent need to identify chemicals and
metabolites which inhibit algal bloom formation [18].
Recent studies have demonstrated that silver nanoparticles
can inhibit bloom formation by the toxin-producing cyano-
bacteria Microcystis aeruginosa [19]. However, there is no
report on the impact of SNPs on other toxic cyanobacteria.
In the present study, an attempt has been made to
synthesize and characterize SNPs from the leaf extract
of B. monosperma owing to its medicinal properties.
Further, the anti-algal potential of SNPs on two toxic
bloom-forming cyanobacteria, namely, Anabaena spp.
and Cylindrospermum spp., was also evaluated.

Methods
Synthesis of SNPs
Fresh leaves of B. monosperma growing in forests of
Bilaspur, Chhattisgarh, India, were collected (Figure 1).
Fresh leaves were washed extensively with water followed
by final wash with distilled water. The veins of the leaves
were removed and cut into small pieces (1 cm2). One
gram (1 g) of leaf pieces was suspended in 100 ml of
Figure 1 The photograph of Butea monosperma (Flame of
Forest) plant.
double distilled water and heated on a water bath for
20 min. After heating, the extract was filtered using filter
paper (Whatman filter paper no. 1) and stored at 4°C until
further use. For synthesis of SNPs, different dilutions of
the leaf extract in double distilled water were prepared,
and to it, 0.01 M of AgNO3 solution was added. The
solution was incubated in a rotary shaker at 100 rpm
for 2 to 3 h in the dark.

Characterization of SNPs by UV-vis spectroscopy and TEM
Synthesis of SNPs was monitored using a double-beam
spectrophotometer (Systronics 2203, Systronics, Ahmeda-
bad, India). The absorption spectrum in the range of 200 to
800 nm of the 0.5% leaf extract solution and the 1% leaf ex-
tract solution containing 0.01 mM AgNO3 was recorded.
The presence of SNPs was confirmed by observing a peak
at 410 to 430 nm, corresponding to the surface plasmon
resonance of SNPs. The 1% leaf extract solution mixed with
100 ml of Millipore water (Millipore Corporation, Billerica,
MA, USA) was employed as a positive control. The par-
ticle size and distribution of SNPs were determined by
transmission electron microscopy (TEM) analysis. For
TEM analysis, a drop of the solution containing 1% leaf
extract solution supplemented with 0.01 mM AgNO3 was
employed. TEM was performed using a Morgagni 268D
transmission electron microscope (FEI Electron Optics,
Hillsboro, OR, USA). Size distribution of SNPs from the
TEM image was calculated by the software ImageJ.

Organism and culture conditions
In the present study, the two organisms employed were
Anabaena spp. and Cylindrospermum spp. (blue-green
freshwater cyanophyte). Both the cyanobacterial strains
were obtained from the Department of Life Sciences,
Guru Ghasidas Vishwavidyalaya, Bilaspur (Chhattisgarh).
For maintenance of cultures, BG-11 medium [20] was
employed. The cultures used were maintained in BG-11
medium in a culture room at 26°C to 30°C with a 16/8-h
photoperiod under 3,000 lx from a cool white light. The
cultures were hand shaken daily at least twice to keep
the organisms in a homogeneous state.

Growth measurements
Growth of the organisms was monitored spectrophoto-
metrically (double-beam spectrophotometer, Systronics
2203) at regular intervals with increase in absorbance
at 660 nm [20].

Pigment extraction from cyanobacteria
Sample preparation
Culture sample (5.0 ml) was withdrawn, and cells were
centrifuged at 4,800 rpm for 5 min. The supernatant
obtained was removed, and the cell pellet was then resus-
pended in 5.0 ml of distilled water to remove any salts that



Figure 2 Synthesis of SNPs using different leaf extract concentrations. (A) Control flask containing 0.01 M AgNO3. (B) Visible color change
in 0.01 M AgNO3 solution after addition of 0.5% leaf extract solution. (C) Visible color change in 0.01 M AgNO3 solution after addition of 1.0% leaf
extract solution.
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could have been retained with the biomass, and again
centrifuged [21].

Extraction and quantification
The solvent absolute methanol (99%) was used for pig-
ment extraction. Briefly, cells were suspended in 5.0 ml
of solvent followed by vortexing for 15 s and incubated
for 20 min. In the absence of other cell wall disruption
methods, the cells were centrifuged at 4,000 rpm for
5 min. The absorbance of the supernatant obtained was
read spectrophotometrically at the wavelength corre-
sponding to the equations [21].

Chlorophyll-a and carotenoid determination
For chlorophyll-a and carotenoid determination, the pel-
let obtained was kept and the supernatant was discarded,
and to the pellet, 5.0 ml of 25% absolute methanol was
Figure 3 UV-vis spectrum of leaf extract and AgNO3 solutions. The fig
extract solution (0.5% and 1%) in the presence of 0.01 M AgNO3 solution a
added and it was incubated at 50°C for 1 h. The sample
was then centrifuged at 4,000 rpm for 5 min, and the
clear supernatant obtained was used for measuring
optical density in an ultraviolet-visible (UV-vis) spec-
trophotometer at 663 and 480 nm, respectively [22]. Pro-
tein determination was performed using the modified
Lowry method [23].

Anti-algal properties of SNPs
After synthesis of SNPs, the solution was centrifuged at
12,000 rpm for 30 min at 30°C, and the nanoparticle pellet
was collected, washed twice with 5 ml of Millipore water,
and dried in a hot air oven. For toxicity studies, a stock so-
lution of SNPs (5 mg/ml) was prepared. SNPs were sus-
pended by sonicating the solution at 40 kHz, with a pulse
rate of 40 for 10 min. The stock was stored in the dark at
4°C prior to use. Cells were taken (50 ml from the 7-day-old
ure shows the UV-vis spectrum of different concentrations of the leaf
fter 3 h of incubation.



Figure 4 TEM image of synthesized SNPs using Butea monosperma
(Flame of Forest), 1% leaf extract solution.

Figure 6 FTIR spectrum of leaf extract (A) and 1% leaf extract
in the presence of 0.01 M AgNO3 (B).
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culture) and transferred aseptically into four sets of 100-ml
Erlenmeyer flasks for each strain. Different concentrations of
SNPs (400, 600, and 800 μg/ml) were added into each flask
except for one, which was kept as control, and flasks were
incubated in a culture room at 26°C to 30°C with a 16/8-h
photoperiod under 3,000 lx from a cool white light for
15 days. Periodic analysis was done (0th, 4th, 8th, and 12th
day) by harvesting the cells from each set of flasks, followed
by evaluation of its effect on growth and protein and pig-
ment content of the cyanobacterial cells. All the experiments
were performed in triplicate, and results were represented as
mean ± standard deviation. The results were compared by
one-way ANOVA followed by the Tukey-Kramer com-
parison test.

Results and discussion
Synthesis of SNPs
There are several reports on the synthesis of SNPs from
plants having high medicinal and ornamental value, such
as Aloe vera [24], Cinnamomum camphora [25], Azhadir-
achta indica [26], and Ocimum sanctum [27]. B. mono-
sperma is an ornamental and medicinal plant, native to
mountainous regions of India. Almost all the parts of the
plant have medicinal value. The leaves show diuretic and
Figure 5 Size distribution of SNPs.
anti-ovulatory properties [14]. In this study, the synthesis of
SNPs was carried out by employing the leaf extract of B.
monosperma. The method was optimized by varying the
concentration of the leaf extract (0.5%, 1.0%) with a fixed
concentration (0.01 M) of AgNO3. After the reaction, the
synthesis was confirmed by a dark brown color of the solu-
tion. Studies have shown that during reduction of silver
ions by the leaf extract, the solution first turns yellow and
in later stages turns dark brown. The dark brown color rep-
resents the most stable form of SNPs, whereas the gray
color represents instability and aggregation of SNPs [1,10].
In this study, at a concentration of 0.05% leaf extract, the
color of the solution was yellow but it turned grayish after
some time (Figure 2B). At a concentration of 1.0% leaf
extract, the solution was yellow in the beginning and turned
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dark brown on standing (Figure 2C). This demonstrates
that stable SNPs are produced at this concentration.

Characterization of SNPs
Chemically synthesized silver nanoparticles were charac-
terized by UV-vis spectroscopy and TEM. The UV-visible
spectrum of the leaf extract and AgNO3 solutions is
shown in Figure 3. It is clear from the spectrum that at
0.5% leaf extract solution, the peak at 420 to 430 nm was
low and broad, suggesting instability of the nanoparticles.
At a concentration of 1.0% leaf extract solution, the peak
was comparatively high and less broad, suggesting the sta-
bility and small size of the silver nanoparticles [28,29].
High absorbance indicates higher concentration of SNPs.
At 0.5% leaf extract concentration, the peak was observed
at 420 nm. At 1.0% leaf extract concentration, the peak
shifted to 430 nm. This redshift has been attributed to the
increase in the size of nanoparticles. The greater is the
shift, the larger is the size of nanoparticles [30]. However,
in the present study, the shift was not very high (420 to
430 nm), and it indicates the small size of SNPs.
Figure 7 Inhibitory activity of different concentration of SNPs (400, 6
(A) Cell growth and (B) protein. The asterisk denotes significance at p ≤ 0.0
In order to further confirm SNP formation, TEM was
performed. The photograph of TEM is shown in Figure 4.
It is clear from the figure that nearly spherical SNPs were
formed. From the TEM images, particle size and distribu-
tion were calculated. The results are depicted in Figure 5.
It was observed that majority of the nanoparticles (76%)
were in the range of 20 to 30 nm, 17% were in the range
of 10 to 20 nm, and 7% were in the range of 5 to 10 nm.
These results clearly represent that the size distribution of
nanoparticles falls under 5 to 30 nm, with the major por-
tion under the 20- to 30-nm range. By employing this
method, the size distribution of SNPs obtained was smaller
when compared to previous reports, viz. 44 to 225 nm
using Pergularia daemia plant latex [31] and 71 to 110 nm
using mangrove plant Avicennia marina [32].
FTIR analysis of SNPs
To elucidate the role of various functional groups present
in the leaf extract in the synthesis of SNPs, Fourier trans-
form infrared (FTIR) analysis of the leaf extract and
00, and 800 μg/ml) on Anabaena spp. and Cylindrospermum spp.
1.
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AgNO3 was carried out (Figure 6A,B). It is clear from the
spectrum that in the presence of AgNO3, broadening of
peaks in the 1,680 cm−1 and 3,450 cm−1 regions suggests a
plausible role of amide I and II linkages present in protein
in the reduction of silver ions. The broadening of these
peaks was not evident in the FTIR spectrum of the leaf ex-
tract. This result is in agreement with previous reports
which suggest the involvement of proteins present in the
plant extract in the reduction of silver ions [29].

Evaluation of anti-algal properties of SNPs on cyanobacteria
Cyanobacterial blooms are defined as intense growth of
cyanobacteria in water bodies [18]. Algal blooms occur in
natural waters when cyanobacteria grow quickly in water
due to the presence of high amounts of nitrogen and
phosphorus present due to eutrophication. A dense algal
bloom can block sunlight and take up oxygen in the water,
Figure 8 Inhibitory activity of different concentration of SNPs (400, 6
(A) Chlorophyll-a and (B) carotenoid. The asterisk denotes significance at p
killing aquatic plants and animals. Some cyanobacteria
produce cyanotoxins that severely affect animals and
humans. Some common bloom-forming cyanobacteria are
Anabaena, Cylindrospermopsis, Nodularia, Oscillatoria,
Microcystis, and Planktothrix [33,34]. The current sce-
nario demands development of efficient methods to
control growth of these cyanobacteria. Various chem-
ical methods have been employed such as treatment
with copper sulfate and ozone, chlorination, or potas-
sium permanganate. These methods have shown little
efficacy; they are costly and their application to water
bodies is sometimes practically not feasible [35]. In the
present investigation, use of SNPs to control growth of
cyanobacteria has been evaluated. There are numerous
reports on the antimicrobial nature of SNPs [36]. The
antimicrobial nature of silver/silver ions can be attributed
to their ability to bind and denature proteins causing
00, and 800 μg/ml) on Anabaena spp. and Cylindrospermum spp.
≤ 0.01.
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structural changes in the cell wall and nuclear mem-
brane, leading to cell death. Silver ions can also inhibit
bacterial replication by binding to DNA [2]. The anti-
algal activity of SNPs on the toxic bloom-forming
cyanobacteria M. aeruginosa has been reported (park).
However, studies pertaining to the effect of SNPs on
other cyanobacteria are still in the primitive stage. In
the present study, the anti-algal activity of SNPs on two
cyanobacteria, namely, Anabaena spp. and Cylindros-
permum spp., was evaluated. The different concentra-
tions of silver nanoparticles, i.e., 400, 600, and 800 μg/
ml, were employed to assess the anti-algal property in
the two cyanobacteria. Pre-grown cultures of cyanobacteria
were incubated with different concentrations of SNPs. A
similar culture without SNPs served as control. After a
regular time interval of 4 days, growth, protein concentra-
tion, and chlorophyll-a and carotenoid content were esti-
mated and compared (Figures 7 and 8). It is clearly evident
from the results that dose-dependent reductions in the
above mentioned parameters were observed in the two
cyanobacteria. In both the cyanobacteria, significant inhib-
ition (p ≤ 0.01) was observed at a concentration of 800 μg/
ml of SNPs. When toxicity of both cyanobacteria was
compared, it was observed that Anabaena spp. was more
sensitive towards SNPs than Cylindrospermum spp. The
anti-algal activity remarkably increased with increasing
concentrations of SNPs. The results were in agreement
with the results obtained by Park et al. [19] where SNPs
showed a dose-dependent inhibition on the harmful
cyanobacterium M. aeruginosa. Yamanka et al. [3] pro-
posed two hypotheses to explain the antimicrobial (here
in this case, it is anti-algal) activity of SNPs. Initially, a cell
in contact with SNPs takes up nanoparticles inside the
cell, which inhibit various enzymes and biological pro-
cesses causing severe damage to the cell. Secondly, react-
ive oxygen species (ROS) are also produced, possibly
through the inhibition of respiratory enzymes, and attack
the cell causing cell death.

Conclusions
In this study, SNPs using the leaf extract of B. monosperma
(Flame of Forest) were synthesized. It was observed that at
a concentration of 1% leaf extract, synthesis of stable,
small-sized SNPs took place. TEM analysis indicated that
the size distribution of SNPs was under 5 to 30 nm, which
is smaller as compared to previous reports. SNPs showed
strong anti-algal properties on two cyanobacteria, namely,
Anabaena spp. and Cylindrospermum spp. A direct dose-
dependent relationship between concentration of SNPs
and cell death was observed. SNPs have been previously
shown to be antimicrobial in nature. The antimicrobial ac-
tivity of SNPs on different bacteria and fungi has been re-
ported. Results of the present study clearly demonstrate
that SNPs can be used for control of toxic cyanobacteria.
However, this is preliminary study where toxicity was
assessed in laboratory conditions. It is essential to test the
feasibility of this method in natural environments and to
develop a method for the application of SNPs to water
bodies.
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